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ABSTRACT

.-The marine atmospheric boundary layer (MABL)

and synoptic-scale situation is described using rawinsonde

and sea-surface temperature (SST) data collected during the

1986 Frontal Air-Sea Interaction Experiment (FASINEX). The

data obtained from 14 February to 09 March 1986 are divided

into eight consecutive three-day periods and analyzed.

Significant changes in synoptic-scale features and flow

patterns occurred during each three-day period due to

movement of low pressure systems. MABL changes noted were

due primarily to large scale convergence. Thirteen pairs of

rawinsonde launches, seven from opposite sides of an oceanic

front and six from the same side (five warm, one cold) are

compared. The time difference between soundings in each

pair did not exceed sixty minutes. Boundary layer height,

mixed layer potential temperature and specific humidity

differences between paired rawinsonde launches were larger

when launches were from opposite sides of the oceanic front.

A combination of both shipboard and aircraft data will be

necessary to further describe the conditions of the MABL and

synoptic-scale situation.
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I. INTRODUCTION

The marine atmospheric boundary layer (MABL) is that

region above the surface layer directly affected by the

exchange between the underlying ocean and the overlying

atmosphere. A predominant feature of the marine atmospheric

boundary layer is the existence of temperature and humidity

gradients at the top of a well mixed layer. This layer is

cool and moist relative to the overlying air and is observed

to have depths ranging from 100 to 1000 m over the eastern

North Pacific Ocean and from 1000 to 2000 m in the more

subtropical waters.

Recent studies provide quite good descriptions of

physical properties and processes responsible for MABL

features which enable interpretation of observed data.

General features of the MABL with regard to surface

conditions have been reviewed by Businger (1985). Observed

MABL features across an ocean thermal front were described

by Hsu et al. (1985). MABL features associated with forced

convection and large scale subsidence have been described by

Davidson et al.(1984). Businger and Shaw (1984) described

the effects of sea-surface temperature variation on the

turbulence regime which controls MABL mixing and entrainment

processes. Wyngaard and Brost (1983) presented a physical

model for gradients within the well mixed portion of the ON

MABL.
• 11
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The MABL has several unique characteristics caused by

the underlying water surface. Marine air, being moist,

often has a slightly unstable stratification. Additionally,

the sea-surface temperature is uniform with horizontal

variations seldom exceeding several degrees Celsius over a

distance of 50 km, so differential advection has a

meaningful role in the MABL formation. The height of the

MABL is partially controlled by thermal forcing. Due to the

unstable surface layer, turbulent kinetic energy is

transported upward by buoyant thermals. The impingement on

the inversion by these eddies entrains overlying air so that

in the absence of subsidence, the inversion height will

rise. Turbulence caused by radiational cooling of the cloud

tops is also suggested as a cause of entrainment at the top

of the mixed layer.

The Department of Defense is interested in understanding

processes and events occurring within and at the top of the

MABL. For example, gradients in the MABL affect

electromagnetic (EM) and electro-optical (EO) systems.

Refraction at layers where large temperature and humidity

gradients exist leads to ducting of EM waves. Turbulence

causes small scale inhomogeneities in the index of

refraction which is important in image resolution at EO wave

lengths. Aerosol and water vapor in the MABL are also

important in extinction of EO waves.

12



Data for this thesis were collected in the Frontal Air-

Sea Interaction Experiment (FASINEX), which was partially

sponsored by the Office of Naval Research, during the period

13 February - 10 March 1986. FASINEX was a multi-group

experiment designed to further investigate the role of

horizontal temperature variabilities in air-sea interaction.

FASINEX was conducted in the subtropical convergence zone of

the North Atlantic Ocean south of Bermuda (within the area

bounded by 620W and 720W and by 260 N and 300N). See Fig.

1.1. This region was chosen for FASINEX due to the common

presence of well defined oceanic fronts. Oceanic fronts are

relatively long lived and have surface temperature gradients

up to 0.400C km-1 (Weller and Stage, 1984). The field work

was centered on an area spanning an oceanic front.

Scientific goals of FASINEX addressed the following

questions (Stage and Weller, 1985 and Weller and Stage,

1984): Does the strong horizontal gradient in sea-surface

temperature associated with the oceanic front affect the

structure of the marine atmospheric boundary layer? Do the

fluxes of momentum, heat and moisture in the lower

atmosphere vary horizontally on scales determined by the

scales of the oceanic front? Does the response of the upper

ocean to atmospheric forcing vary on scales determined by

the oceanic front as well as by the atmosphere? Are there

atmospheric and oceanic boundary layers in the region around

the oceanic front?

13
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Figsure 1.1 Frontal Air-Sea Interaction Experiment (FASINEX) area.
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The purposes of this thesis will be to describe features

of the MABL with regard to synoptic-scale conditions and

with regard to the sea-surface temperature fronts, and to

present physical reasons for the observed variations. The

descriptions will include the synoptic-scale, surface layer

and mixed layer conditions which occurred.

II. FASINEX DATA

A. INTRODUCTION

Meteorological data in FASINEX were collected by

satellite remote sensing, moored buoy arrays, surface ships

and aircraft. This thesis will describe results from the

surface ship data collection only.

The FASINEX shipboard meteorological program focused on

the vertical and horizontal structure of the surface layer

and MABL with respect to oceanic sea-surface temperature

fronts and coupled oceanic and atmospheric mixed layers.

Measurements were made from two ships, the R/V OCEANUS and

the R/V ENDEAVOR, and consisted of surface layer mean and

turbulent wind, air temperature and humidity. MABL

measurements consisted of inversion heights, temperature,

humidity and wind profiles, based on rawinsondes.

Aircraft measurements provided horizontal variation of

turbulence intensities at fixed levels (Stage and Weller,

1985). Ship measurements provided surface layer values for

the horizontal variation of turbulence intensities and were

closely correlated to changes in surface boundary thermal

15



conditions. The small scale turbulence intensity values

from all sources are necessary to assess MABL growth due to

entrainment.

The FASINEX oceanography program was extensive and, for

this thesis, provided information on sea-surface temperature

patterns and frontal locations. The R/V OCEANUS was the

platform used to make surveys of the front on the basis of

80-km-long sections across it. The R/V OCEANUS also was

located in and near the front for short periods. The R/V

ENDEAVOR was the platform used to investigate small scale

structure found in the vicinity of the front and more

detailed velocity/density sections across the front. Hence,

the R/V ENDEAVOR was mostly in the frontal region.

B. RAWINSONDE MEASUREMENTS

Rawinsondes were a primary method of data collection

because they provide vertical measurements of wind as well

as vertical distribution of temperature and humidity. Two

VIZ Inc. WL-8000 RPT systems, one each aboard the R/V's

ENDEAVOR and OCEANUS, were used to obtain atmospheric

dynamic and thermodynamic profiles from rawinsonde launches.

These systems yielded pressure, temperature, humidity and

vector wind profiles, typically up to 7.5-9.5 km (400-300

mb). The systems sampled all five variables every fifteen

seconds which provided vertical resolutions of 35 to 50 m

from balloon ascent rates averaging 2.5-3.2 ms - .

16
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Two to four navaid rawinsonde launches were made daily

from both the R/V's ENDEAVOR and OCEANUS. The positions,

dates and times of all such sonde flights are tabulated and

presented in Table 1. During the period from 13 February to

7 March, a total of 70 launches were attempted from the

ENDEAVOR with 58 successful for both wind and thermodynamic

profiles, and 64 with satisfactory thermodynamic profiles.

Of the 64 ENDEAVOR flights with usable thermodynamic data,

only six did not have wind information. 96 launches were

attempted from the OCEANUS between 13 February and 10 March,

with 68 successful thermodynamic soundings. Unfortunately,

adopted launch techniques for the OCEANUS prohibit useful

wind data at this time.

Each rawinsonde is individually factory calibrated, with

met-sensor calibration results displayed on a bar-code

affixed to every sonde casement. A bar-wand records the

calibration values into a WL-8000RPT microprocessor prior to

each launch. These are ultimately used by the computer

reduction software to generate the finished thermodynamic

data. Pertinent rawinsonde sensor specifications, as given

by the manufacturer are listed in Table 2.

Wind speeds and directions are derived 'rom the VIZ

sondes using LORAN-C navigational aids. The VIZ sensor

package receives LORAN time differences to establish

position. The filtered data are differentiated with respect

to time to obtain balloon velocity. It is assumed that the

17



TABLE I

RAWINSONDE FLIGHTS

DATE TIME SHIP LOCATION

WEST NORTH
860213 1204 ENDEAVOR 69 59.13 28 11.22

1714 OCEANUS 68 01.47 29 59.32
1845 ENDEAVOR 70 09.01 27 42.26

860214 0018 ENDEAVOR 70 30.05 28 04.67
1245 ENDEAVOR 71 00.10 28 08.30
1500 ENDEAVOR 70 58.32 28 17.96
1502 OCEANUS 69 35.13 27 53.93
2345 ENDEAVOR 70 45.57 27 52.99

860215 0545 OCEANUS 70 02.09 26 38.35
1207 ENDEAVOR 70 28.31 28 03.75
1800 ENDEAVOR 70 28.51 28 12.38

860216 0043 ENDEAVOR 70 14.29 28 08.03
0603 ENDEAVOR 70 27.01 28 14.38
0731 OCEANUS 70 17.38 27 57.80
1259 ENDEAVOR 70 28.07 28 07.39
1933 OCEANUS 69 35.54 27 56.54
2358 ENDEAVOR 70 28.94 28 13.86
2358 OCEANUS 69 37.66 27 24.04

860217 0607 OCEANUS 69 45.21 28 05.03
1213 ENDEAVOR 70 31.88 28 06.13
1804 ENDEAVOR 70 29.00 28 04.26
2352 ENDEAVOR 70 25.58 28 18.42

860218 0049 OCEANUS 70 05.40 28 02.81
0548 OCEANUS 70 05.72 28 41.39
1200 ENDEAVOR 70 27.71 28 22.99
1459 ENDEAVOR 70 29.03 28 28.41
1521 OCEANUS 70 15.38 28 04.59
1826 ENDEAVOR 70 25.88 28 35.92

860219 0000 ENDEAVOR 70 27.97 28 33.97
0603 OCEANUS 69 32.79 27 59.76
1200 ENDEAVOR 70 11.01 28 45.57
1215 OCEANUS 70 34.58 28 49.43
1757 ENDEAVOR 70 23.53 28 27.37
2027 OCEANUS 70 44.21 28 02.86
2334 OCEANUS 70 42.87 28 28.46

18



TABLE 1 CONT.

DATE TIME SHIP LOCATION

WEST NORTH
860220 0645 OCEANUS 70 06.81 28 33.56

1211 ENDEAVOR 70 07.10 28 29.11
1441 OCEANUS 70 04.78 28 13.83
1507 ENDEAVOR 69 57.75 28 50.05
1854 ENDEAVOR 69 53.08 28 49.00
2023 OCEANUS 69 59.12 28 12.43

860221 0052 ENDEAVOR 69 56.15 28 08.54
1210 ENDEAVOR 69 51.76 28 13.52
1515 OCEANUS 69 55.77 28 52.87
1915 OCEANUS 69 56.80 28 59.45
1952 ENDEAVOR 70 02.33 28 11.17

860222 0000 ENDEAVOR 70 08.87 28 16.42
0612 OCEANUS 69 26.19 28 10.94
1201 ENDEAVOR 68 53.62 28 30.80
1825 OCEANUS 69 47.84 28 13.19
1919 ENDEAVOR 69 19.65 28 18.03

860223 0000 ENDEAVOR 69 23.01 28 23.11
0608 OCEANUS 69 43.86 28 11.17
1209 ENDEAVOR 69 38.11 28 02.33
2027 ENDEAVOR 69 41.65 28 02.23

860224 0001 ENDEAVOR 69 39.06 28 01.19
0545 OCEANUS 69 28.86 28 10.58
1358 OCEANUS 69 40.73 28 14.46
1413 ENDEAVOR 69 48.43 27 55.41
1832 ENDEAVOR 69 47.29 27 52.28
2020 OCEANUS 69 35.10 28 15.82
2356 ENDEAVOR 69 24.61 28 03.90

860225 0601 OCEANUS 69 24.55 28 10.97

1230 ENDEAVOR 69 35.23 28 29.52
1343 ENDEAVOR 69 38.81 28 27.29
1759 ENDEAVOR 69 36.40 28 22.79
2233 OCEANUS 69 21.94 28 16.19

860226 0008 ENDEAVOR 69 12.83 28 11.75
1159 ENDEAVOR 69 23.00 28 15.21

1402 OCEANUS 69 16.18 27 59.98
1825 OCEANUS 69 28.38 27 40.36
2306 ENDEAVOR 69 43.86 27 27.35

19
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TABLE 1 CONT.

DATE TIME SHIP LOCATION

WEST NORTH
860227 0315 ENDEAVOR 69 43.94 27 09.06

0557 OCEANUS 69 48.25 26 35.02
1213 ENDEAVOR 69 48.66 26 55.91
1926 ENDEAVOR 69 50.62 27 00.17
2357 ENDEAVOR 69 48.58 27 09.05

860228 0016 OCEANUS 70 08.60 28 41.90
0549 OCEANUS 69 22.59 28 49.08
1156 OCEANUS 68 25.05 28 48.61
1400 ENDEAVOR 68 41.87 28 10.54
1748 OCEANUS 68 24.42 28 06.24
2351 ENDEAVOR 68 31.40 28 32.70

860301 0554 OCEANUS 69 15.22 28 21.31
1414 ENDEAVOR 68 23.59 28 22.91

860302 0008 ENDEAVOR 68 24.54 28 07.01
0554 OCEANUS 68 24.66 28 58.81
1449 ENDEAVOR 68 53.95 28 08.76
1806 ENDEAVOR 69 02.73 28 10.55

860303 0010 ENDEAVOR 69 04.83 28 12.56
0558 OCEANUS 68 34.18 28 46.45
1157 ENDEAVOR 68 26.10 28 46.70
1500 ENDEAVOR 68 28.22 28 57.64
2054 ENDEAVOR 68 27.82 28 38.64
2210 OCEANUS 68 34.80 28 37.87
2359 ENDEAVOR 68 29.85 28 57.48

860304 0557 OCEANUS 68 14.71 28 36.52
1114 ENDEAVOR 67 57.68 28 48.56
1156 ENDEAVOR 67 59.86 28 44.93
1310 ENDEAVOR 68 01.15 28 38.68
1926 OCEANUS 68 14.29 28 23.36
2348 OCEANUS 68 08.31 28 33.42

860305 0014 ENDEAVOR 68 03.02 28 29.44
0542 OCEANUS 68 03.56 28 46.17
0616 ENDEAVOR 67 51.10 28 53.00
0952 OCEANUS 67 57.23 28 54.86
1331 OCEANUS 67 54.77 29 00.13
1952 OCEANUS 67 50.41 29 14.12
2054 ENDEAVOR 67 46.56 28 42.65
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TABLE 1 CONT.

DATE TIME SHIP LOCATION

WEST NORTH
860306 0005 ENDEAVOR 67 39.44 28 50.14

0602 OCEANUS 68 34.00 28 06.60
1151 OCEANUS 69 17.30 27 17.70
1226 ENDEAVOR 67 35.44 28 48.04
1757 OCEANUS 69 46.84 27 05.61
2001 ENDEAVOR 67 30.19 28 42.00

860307 0011 OCEANUS 69 33.98 27 08.04
0014 ENDEAVOR 67 17.67 28 34.83
0551 OCEANUS 70 02.76 26 54.31
0606 ENDEAVOR 67 27.18 28 49.12
1346 OCEANUS 69 33.96 27 18 29
1609 OCEANUS 69 34.04 27 00.52
1807 OCEANUS 69 43.73 26 54.14
2026 OCEANUS 70 02.42 26 54.08

860308 0025 OCEANUS 70 02.06 27 22.57
1216 OCEANUS 69 51.21 26 27.90
1756 OCEANUS 70 05.57 26 54.97
2358 OCEANUS 69 50.37 27 07.88

860309 0637 OCEANUS 69 33.79 27 22.50
1223 OCEANUS 69 39.60 28 19.90
1849 OCEANUS 69 43.72 29 40.40

860310 0036 OCEANUS 69 49.57 30 57.14
0612 OCEANUS 69 56.28 32 10.46
1144 OCEANUS 70 04.25 33 21.84
1740 OCEANUS 70 16.51 34 38.44
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TABLE II

RAWINSONDE SENSOR SPECIFICATIONS

(VIZ SONDE MODEL #1523)

VARIABLE SENSOR RANGE ACCURACY

Pressure Aneroid Capsule 1080-5 nib + 2 nib
Ni-Span-C)

Temperature Rod-Type Thermistor 500-900c + 0.40c

Relative Humidity Carbon Resistance 5-100% + 4%
Element (Fast 40+00
Response) -60oc

Wind Vector Loran-C Navaids N/A + 0.5 rn/s
+ 2 0 c
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horizontal velocity of the balloon and local mean wind

velocity are the same. It is noted that the best vector

wind accuracies apply to conditions which produce LORAN

signals at (near perpendicular) crossing angles in the time

difference isopleths of two LORAN secondary stations. More

than 80% of the total wind soundings in FASINEX fell within

the ranges +0.5-2 ms-' and +2-10oC. The higher limits were

due to weak LORAN signals, an expected result since the

FASINEX survey area was on the fringe of coverage of the

U.S. LORAN southeast chain (GRI 7980) (COMDTINST

M16562.3).
III. RESULTS

A. SYNOPTIC-SCALE CONDITIONS AND MABL CHANGES

The MABL is significantly modulated by atmospheric

synoptic-scale conditions. Surface layer stability,

synoptic-scale subsidence and clouds also affect the height

of the mixed layer. Wind speed affects mechanical mixing

and the air/sea temperature differences affect the stability

and thermal mixing. Frontal passages provide a good

opportunity to observe the MABL under rapidly changing

synoptic-scale conditions.

The above factors indicate the importance of this

section which will include detailed descriptions of the

synoptic-scale features and associated mixed layers. The

synoptic-scale variations in FASINEX were significant

because of the high frequency of frontal passages (every
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three to five days). The discussion of synoptic-scale

features will be divided into eight three-day subsections.

The meteorological data used are from the R/V ENDEAVOR

unless otherwise indicated.

In this section, mixed layer changes will be related to

changes in synoptic-scale conditions indicating low-level

flow and upper-level divergence or convergence.

1. 14 February - 16 February 1986

This was a period of changing synoptic-scale

conditions. As shown in Fig. 3.1, the beginning of the

period was dominated by a high pressure system, while the

end of the period was dominated by an approaching low

pressure system with a frontal passage shortly after

0000 GMT 16 February.

On 14 February, the subtropical high pressure

center redeveloped after being disrupted by a cold front on

the previous day (Fig. 3.1). Sea-level pressures increased

from 1021-1026 mb as the system moved eastward towards the

FASINEX area. Wind speeds decreased from 12 ms - 1 to 5 ms - 1

and wind direction shifted from northwest to northeast. An

unstable air-sea temperature difference of 50 C was recorded

(Fig. 3.2). Fig. 3.2 shows a three-day time series of

temperature (sea-dotted, air solid), relative humidity,

pressure, true wind speed and direction, and relative wind

speed and direction. Dominant cloud types were

stratocumulus, altostratus and cirrus. The top of the mixed

24
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layer was slightly above 1500 m and potential temperature

and specific humidity within it were well mixed (Fig. 3.3).

Fig. 3.3 represents a three-day time series of rawinsonde

profiles taken aboard the ENDEAVOR. Both potential

temperature and specific humidity are shown as well as the

vertical distribution of wind speed and direction. No

precipitation was recorded on this date.

The high moved northeastward on 15 February and a

deepening upper-level trough (500 mb) and an associated sea-

level low pressure system began to affect conditions by 1000

GMT (Fig. 3.1), causing the sea-level pressure to drop. The

wind speed increased and the wind direction shifted to the

southeast. Sea-level pressure dropped to 1013 mb and wind

speed increased to 14 ms - by 2000 GMT. Wind direction

shifted to the southeast by 1200 GMT. An unstable air-sea

temperature difference of 1-4oC existed until 1200 GMT when

warm air over the cooler frontal sea surface caused a stable

condition until 2000 GMT. At 2000 GMT a sharp drop in air

temperature accompanied by a sharp increase in relative

humidity occurred (Fig. 3.2). Temperature and humidity

conditions similar to those before 2000 GMT had returned by

2300 GMT. Cloud cover consisted of lower to mid-level

stratus, stratocumulus and altostratus. Partial clearing

occurred at 1200 GMT. Mixed layer height was 1500 m and

both potential temperature and specific humidity remained

well mixed below the inversion (Fig. 3.3). Precipation in
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the form of rain showers occurred at 0000 GMT on

16 February.

On 16 February the cold front and the upper-level

trough passed through the FASINEX area at 0000 GMT

(Fig. 3.1). The sea-level pressure increased stsadiiy to a

maximum of 1026 mb (8 mb rise) by 0000 GMT on 17 February.

Wind speed dropped rapidly after the frontal passage to a

minimum of 6 ms -1 The wind direction shifted from

southwest to northwest with the frontal passage and then

shifted to the northeast (1600 GMT) as a high began to

dominate the synoptic-scale conditions (Fig. 3.1). An

unstable air-sea temperature difference of 1-30C existed

until 0000 GMT on 17 February (Fig. 3.2). Cloud cover was

mostly low-level stratus and stratocumulus. Rain showers

occurred from 0000-0100 GMT. The mixed layer height was

approximately 1300 m and potential temperature and specific

humidity below the inversion were well mixed (Fig. 3.3).

This period illustrates the role of the synoptic-

scale conditions, relative to flow, on the vertical profiles

of the MABL. Mixed layer feature evolution over these three

days, as shown in Fig. 3.3, reflected the upwind sea-level

properties very distinctly. On the 14th and 16th the upwind

sea-level temperatures were cooler due to the northerly

flow. The mixed layer potential temperatures were between

15 and 170C and the specific humidities were between 6 and 8

gkg - . On the 15th the upwind sea-level temperatures were

29
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higher due to southwest flow and the mixed layer temperature

was 200C and the mixed layer humidity was above 8 gkg-1.

The mixed layer depth was about the same, within

200 m, on all three days. In fact, they were closer on the

15th and 16th even though the 15th launch was in advance of

an approaching front and the launches on the 14th and 16th

were in nearly identical locations in the sea-level high

pressure system. The similarity also exists in the vector

wind profiles from the sea-level through the inversion and

in the temperature and humidity values above the inversion.

2. 17 February - 19 February 1986

The first two days of this period were dominated by

a high pressure system shown in Fig. 3.4. On 19 February

synoptic-scale conditions began to show characteristic pre-

frontal movement patterns.

The upper-level winds returned to a zonal pattern

on 17 February and the high pressure system dominated the

synoptic-scale conditions into the following day (Fig. 3.4).

Sea-level pressure was steady ranging from 1024-1026 mb.

Wind speed was steady at 6-8 ms - ' but the wind direction

shifted from northeast to southeast as the center of the

high moved northeastward. An unstable air-sea temperature

difference of 1-30C remained until 1200 GMT (Fig. 3.5).

Stratus and stratocumulus cloud cover increased during the

day. Small amounts of high cirrus were also present. The

mixed layer height increased from 1000 to 2000 m between the
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16th and 17th. Potential temperature and specific humidity

remained well mixed below the inversion (Fig. 3.6).

The upper-level winds developed a ridge pattern as

the sea-level high intensified to the north of the FASINEX

region on 18 February (Fig. 3.4). Sea-level pressure

decreased steadily (4mb) as the center of the high moved

northeastward. Wind speed and direction were steady at 6-8

ms-1 from the southeast. A slightly stable air-sea

temperature difference of 20 C existed until 0500 GMT when

the ENDEAVOR crossed the sea surface temperature (SST) front

causing a 10 C unstable condition until 1200 GMT (Fig. 3.5).

From 1200 to 1800 GMT conditions once again became stable.

Unstable conditions returned by 2000 GMT and continued into

the following day. Low to mid-level stratus clouds were

present with rain showers taking place from 1800-0000 GMT.

Mixed layer height was 800 m (Fig. 3.6).

On 19 February an upper-level trough and a sea-

level low pressure system moved off the east coast of the

United States and began affecting conditions by 1200 GMT

(Fig. 3.4). Sea-level pressure decreased steadily to 1015

mb. Wind speed ranged from 4-6 ms -' and wind direction

shifted from south to southwest as the cold front approached

(1200 GMT). By 1600 GMT the frontal system began moving

northward causing the wind to shift to the northwest. An

unstable air-sea temperature difference of 1-50C was present

until 0000 GMT on 20 February (Fig. 3.5). Cloud cover
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consisted of low and mid-level stratus with small amounts of

cirrus present. Rain showers occurred at 0500 GMT and light

showers at 1100 GMT. The mixed layer height was close to

500 m (Fig. 3.6).

The response to the synoptic-scale circulation is

quite evident during this period. Easterly flow, over

warmer water, under the influence of a northeastward

retracting high pressure system caused an increase on the

17th of the mixed layer specific humidity to 8 gkg -' from

below 7 gkg - I on the 16th and an increase of the mixed layer

height, due to decreased subsidence, to 2000 m from 1300 m

on the 16th.

On the 18th, as the FASINEX area became less

influenced by the high, the inversion at 2000 m became less

distinct. The convergence associated with the approaching

trough caused the moisture to be lifted to 3000 m. However,

southerly flow with upwind warmer water caused a mixed layer

of 900 m to form in the FASINEX area with much higher

specific humidities, 12 gkg - . The wind profiles above

1300 m look quite similar on the 17th and 18th indicating

the mixed layer was the only region affected between the two

days.

On the 19th, the trough passage seems to have had

an effect at levels above 1000 m. Below 1000 m, the

westerly flow caused continued high values of mixed layer

specific humidity. A distinct mixed layer with clouds, from
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300-1000 a, existed. The increase of specific humidity from

12 to above 14 gkg-' is viewed to be significant since the

shift of wind was from southeast to westerly flow.

3. 20 February - 22 February 1986

This period showed a general change in the

synoptic-scale situation. The first day of the period was

influenced by a low pressure system. By the middle of this

period a weak sea-level high pressure system began to

develop and was dominating synoptic-scale conditions until

the end of the period.

The upper-level trough stalled on 20 February

allowing a weak cold front to rapidly pass through the

FASINEX region (Fig. 3.7). Frontal passage, based on the

wind shift conditions, occurred at 1500 GMT. Sea-level

pressure dropped to 1008 mb (8 mb drop), wind speed

increased from 4-10 ms -' and the wind direction shifted from

southwest to northwest after the frontal passage. An

unstable air-sea temperature difference of 4-8 0 C was present

until 1800 GMT (frontal passage), when warm air advected

over the cooler water yielding a stable condition until 0000

GMT (Fig. 3.8). Cloud cover consisted of mid-level stratus

with small amounts of cirrus and occasional clearing. Rain

occurred at 0700 GMT and a strong thunderstorm (heavy rain,

lightning, strong winds) occurred from 1735-1740 GMT. A

waterspout was reported by aircraft. The mixed layer height

was 750 m with potential temperature being well mixed and
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specific humidity decreasing with height below the inversion

(Fig. 3.9).

The upper-level trough deepened and moved eastward out

of the FASINEX area by 1200 GMT on 21 February (Fig. 3.7).

Sea-level pressure increased to a maximum of 1019 mb as a

weak sea-level high developed. Wind speed decreased to

4 ms - 1 and wind direction shifted to the northeast.

Unstable air-sea temperature differences of several degrees

were present from 0000 to 1100 and 1900 to 0000 GMT (Fig.

3.8). There was a small amount of stratus present in a

mostly clear sky. The mixed layer height was approximately

800 m (Fig. 3.9).

Synoptic-scale conditions were dominated by an upper-

level ridge and the subtropical high on 22 February (Fig.

3.7). Sea-level pressure ranged from 1018-1020 mb. Wind

speed dropped to 1 ms- 1 by the end of the day and the wind

direction shifted from northeast to southeast. Unstable

air-sea temperature differences of 1-30C degrees existed

until the end of the period (Fig. 3.8). Small amounts of

low-level stratus were present in an otherwise clear sky.

The mixed layer height was about 1200 m (Fig. 3.9).

Evolution of the mixed layer was dominated in the

beginning of the period by the approaching low pressure

system. During the mid-period as a weak high pressure cell

developed into a sea-level high pressure system the
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subsidence inversion became distinct at 2000 m and a lower

convectively driven mixed layer extended up to 1200 m.

The synoptic-scale effects were dominant in the

evolution of the mixed layer during this three day period.

At the beginning, on the 20th, the near surface

southwesterly flow maintained the distinct moist layer up to

800 m, with specific humidity above 12 gkg -', even with the

approaching front. The absence of subsidence within the

approaching front maintained the moisture at 6 gkg - 1 up to

2500 m. With the passage of the trough and intensification

of the subtropical high, the subsidence increased so that an

inversion was evident at 2000 m on 22 February. The

northwesterly flow with upwind cooler sea-level temperatures

caused lower specific humidities in the mixed layer; near

9 gkg - 1. The increase of the mixed layer from 800-1200 m

was presumably due to the increased convection associated

with wind decreasing from 12 ms - I on the 20th to 6 ms - 1 on

the 22nd.

4. 23 February - 25 February 1986

The high pressure system continued to dominate the

early part of this period. Synoptic-scale conditions

changed gradually during the mid-period reflecting pre-

frontal characteristics. At the end of the period an

eastward moving cold front began to affect the synoptic-

scale situation.
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On 23 February, the upper-flow returned to a zonal

pattern and the sea-level conditions were dominated by the

subtropical high until 1200 GMT (Fig. 3.10). An advancing

low pressure system caused the wind speed to increase to

8 ms - I and the wind direction to shift to the southwest by

1800 GMT. The sea-level pressure ranged from 1016-1020 mb.

An unstable air-sea temperature difference of 20C existed

until 1300 GMT when warm air advected over the cooler water

causing conditions to stabilize until 0000 GMT (Fig. 3.11).

Low-level stratus clouds were present with altostratus

moving in at 1830 GMT. No precipitation was recorded. The

mixed layer height increased from 1200 m early in the day to

2000 m by mid-day (Fig. 3.12).

The cold front stalled just west of the FASINEX

area on 24 February causing the sea-level pressure to drop

only slightly (Fig. 3.10). Wind speed ranged from 5-8 ms - I

and the direction was consistently from the southwest. An

alternating stable/unstable air-sea temperature difference

of 1--20C existed throughout the period (Fig. 3.11). Cloud

cover was composed of low-level stratus/stratocumulus with

altostratus and cirrus appearing during the day. Rain was

recorded at 1430 GMT, showers at 1713 GMT and heavy rain at

1900 GMT. The top of the mixed layer was approximately 2000

m. Potential temperature was well mixed below the inversion

while specific humidity decreased with height (Fig. 3.12).
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The cold front began moving eastward on 25 February

causing the sea-level pressure to decrease steadily

(Fig. 3.10). Wind speed increased to 12 ms-' and the

direction shifted to west-northwest. The cold front

developed rapidly (and passed through the FASINEX area at

2000 GMT) causing the sea-level pressure to drop to 1003 mb.

Alternating stable/unstable air-sea temperature differences

of several degrees persisted throughout the day (Fig. 3.11).

Mid-level altostratus and cirrus clouds were present in the

early part of the day and gave way to partial clearing by

1300 GMT. At 2000 GMT, low to mid-level stratus/

stratocumulus clouds moved in. Rain occurred from 1000 to

2130 GMT with heavy rain noted at 2030 GMT. The mixed layer

was slightly evident during this period (Fig. 3.12).

There is minimal change in the mixed layer depth

during this period in the weakening high, with an

approximate height of 2000 m.

This period illustrates the typical mixed layer

changes which would occur in a passage of a weak frontal

system in the subtropical region. On the 23rd, the cloud

top mixed layer is well defined extending up to 1900-2000 m.

Evidence of saturation (cloud) is distinct from 1100 m to

1900 m with the decrease in specific humidity. A distinct

near-surface stable layer, extending to 150 m is evident in

the vector wind profile as well as in the temperature and

specific humidity profiles. The wind direction changes from
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southeast to southwest at the top of this layer. The change

in wind speed (from 6-12 us- 1 ) and wind direction (from

2000-2500) at cloud base is interesting but unexplained.

On the 24th, the approach of the trough is apparent

with the moist layer, above 4 gkg- 1 , extending up to 2500 m.

The OCEANUS sounding shows a specific humidity of 8 gkg-1

extending up to 2200 m at 0600 GMT. The sea-level upwind

layer decreased to 1200 m with an unstable layer at 1250 m.

The profile for this period is considered as being a

transition with synoptic-scale evolutions. The absence of

elevated layers in the 1200 GMT profile of the 25th reflects

the influence of the trough passing the FASINEX area around

1800 GMT.

5. 26 February - 28 February 1986

The low pressure system centered north of the

FASINEX area continued to dominate the synoptic-scale

conditions throughout this period. Additionally, a

secondary low pressure system off the US east coast began to

influence the synoptic-scale conditions by the 27th.

Although the center of the low pressure system of

the previous day remained well to the north, it dominated

the synoptic-scale situation on 26 February (Fig. 3.13).

The system's central pressure dropped to 982 mb, while the

upper-level trough developed into a closed low. This

produced a strong sea-level gradient and maximum wind speeds
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of 15 us 'I in the FASINEX area (0800-1400 GMT). The

constant northwest wind direction produced a sea swell of 4-

5 a, which decreased to 1-2 m. Sea-level pressure rose to

1016 ab and wind speed dropped to 3 as -' by 0000 GMT as a

weak high pressure cell began to develop. Unstable air-sea

temperature differences of 2-6 0 C were present during the

beginning of the period (Fig. 3.14). Cloud cover consisted

of low to mid-level stratus/stratocumulus with the mid-level

altostratus appearing by 1800 GMT. Clearing occurred at

1900 GMT. Heavy rains were recorded at 0600 GMT. The mixed
k

layer height was 1500 a (Fig. 3.15).

Synoptic-scale conditions were influenced by a low -

pressure system just off the US east coast on 27 February.

This system moved in a north-northeast direction due to an

upper-level trough over the eastern United States

(Fig. 3.13). Sea-level pressures were steady, ranging from

1016-1018 mb. The wind shifted to southwest and decreased

to 2 ms-' at 0200 GMT. Unstable air-sea temperature

differences of 2-6 0 C persisted (Fig. 3.14). Low to mid-

level stratus clouds cleared by 1830 GMT. No precipitation

was noted. The mixed layer height lowered to 1600 m by mid-

period, suggesting subsidence was occurring (Fig. 3.15).

The low pressure system continued to dominate the

synoptic-scale situation on 28 February (Fig. 3.13). Sea-

level pressure remained steady at 1016-1018 mb and the wind

was from the southwest at 6-10 ms- 1 . Unstable air-sea
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temperature differences of 20 C continued to exist until 0400

GMT when warmer air was advected over the cooler water,

stabilizing conditions. At 1400 GMT conditions returned to

unstable and remained that way until 1600 GMT and again

stabilized until 0000 GMT (Fig. 3.14). Some low-level

stratus clouds were present and a heavy rainshower occurred

at 1700 GMT. A mixed layer is not clearly evident in

Fig. 3.15.

The evolution of the vertical profiles during this

period was influenced by both the upper-level convergence,

associated with the wave formation off the east coast, and

the near-surface flow.

On the 26th, the weak influence of the subtropical

high caused the subsidence inversion to occur near 2500 m.

The northwesterly flow, over cooler waters, caused the mixed

layer temperature to be less than 170C and the specific

humidity to be less than 7 gkg - . The profiles exhibit

features associated with subtropical shallow convection.

On the 27th, with southwesterly flow, the mixed

layer depth appears to decrease. The wind direction is

northwest to west up to 4000 m. This inversion is due to a

change in air masses when wind direction changes from south

southwest to west at the height of the inversion. The air

mass change is pronounced in the mixed layer temperature

which increases from 160C to above 190 C and increases in

both the temperature and humidity above the inversion.
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On the 28th, the flow in the lower-layer becomes

true southerly and causes increases in both the mixed layer

temperature (from 190-220 C) and specific humidity (from 8-

13 gkg- 1 ). The layer above the immediate sea-level

influence, above 1000 m, shows the effect of the approaching

trough with transistional features.

6. 01 March - 03 March 1986

The beginning part of this period had synoptic-

scale characteristics typical of a pre-frontal situation. A

cold front passed through the FASINEX area during mid-

period, while the end of the period saw the development of a

sea-level high pressure system centered to the southwest

(Fig. 3.16).

On I March an advancing low pressure system caused

the sea-level pressure to drop from 1017-1010 mb in 18 hours

(Fig. 3.17). Wind direction was southerly with speed

increasing from 10 to 18 ms -1. An air-sea temperature

difference of 1-20C was present until 1700 GMT when a cold

air mass increased the difference to 4-120C until 0000 GMT

(Fig. 3.17). Cloud cover consisted of mid-level

altostratus/altocumulus with some cirrus occurrence by 1030

GMT. Heavy rain was noted at 1900 GMT. The mixed layer

depth is poorly defined (Fig. 3.18).

The cold front passed through the FASINEX area at

0000 GMT on 2 March (Fig. 3.16). Sea-level pressure rose

steadily to 1018 mb during the day. Windspeed dropped from
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16-10 ms- 1 and wind direction shifted to west-southwest

after the frontal passage. An unstable air-sea temperature

difference of 1-4oC existed until 0000 GMT on 3 March

(Fig. 3.17). Relative humidity decreased from 100-42% in 6

hours (0600-1200 GMT) and remained quite low until the end

of the period. Stratus and altostratus clouds were present

and no precipitation was noted. The mixed layer is again

poorly defined (Fig. 3.18).

On 3 March the upper-level trough began deepening

as a sea-level high developed to the southwest (Fig. 3.16).

Sea-level pressure increased from 1018-1023 mb in 24 hours.

Wind speed decreased steadily from 10-3 ms- 1 . Wind

direction was from the northwest until 1800 GMT when it

shifted to the southwest due to an advancing cold front.

The unstable air-sea temperature difference of 2-40C

persisted until the end of the period (Fig. 3.17). Low and

mid-level stratus/stratocumulus were present. The mixed

layer height is approximately 2600 m (Fig. 3.18).

Changes in vertical profiles of temperature and

humidity over these three days clearly show the effect of

differential advection in forming layers. The effects are

most pronounced in the specific humidity profiles. Minimal

effects on the local sea-level temperature fields would be

expected on these days.

On I March when the FASINEX area was in the warm

sector of a rapidly approaching frontal system, the lower-
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layer had southerly flow and was characterized by being very

moist with specific humidity above 15 gkg-1 up to 300 m.

Above 1000 m the wind direction shifted to southwest and the

specific humidity decreased to below 8 gkg - . Above 2200 m,

the wind direction shifted more to the west and the specific

humidity dropped below 6 gkg-1.

On 2 and 3 March, the profiles reflected changes

associated with locations in the cooler and drier air behind

the rapidly moving frontal system. The subsidence inversion

on both days was above 2200 m. From 2-3 March the mixed

layer temperature decreased from 200-15oC, and specific

humidity from 6-4 gkg - 1.

7. 04 March - 06 March 1986

Pre-frontal conditions existed during the start of

this period associated with a rapidly developing sea-level

low pressure system. This system was steered into the

FASINEX area by an upper-level trough. This low pressure

system dominated until a weak high pressure cell developed

late in the period.

Sea-level conditions were influenced by the warm

sector of the frontal system which stalled west of the

FASINEX area on 4 March (Fig. 3.19). Sea-level pressure

ranged from 1020-1023 mb. Wind was from the southwest at 2-

6 ms - . Unstable air-sea temperature differences of 1-2oC

were present until 0000 GMT (Fig. 3.20). Cloud cover
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consisted of mostly low to mid-level stratus with small

amounts of cirrus appearing at 1830 GMT. No precipitation

occurred. The mixed layer height is 1800 m with potential

temperature well mixed and specific humidity decreasing with

height below the inversion (Fig. 3.21).

The deepening upper-level trough over the eastern

United States steered the sea-level low pressure system on a

northeastward track bringing the cold front into the FASINEX

area on 5 March (Fig. 3.19). Sea-level pressure dropped to

a minimum of 1012 mb and wind speed reached a maximum of

14 ms - I during the frontal passage (1900 GMT). The wind

direction shifted from southwest to northwest. Air-sea

temperature differences of 1-20C fluctuated between stable

and unstable conditions until 0000 GMT (Fig. 3.20). Mid to

upper-level altostratus/cirrus clouds gave way to partial

clearing and low-level stratus by 2000 GMT. Light rain was

noted at 0100 and 0800 GMT. The mixed layer height is

2300 m with potential temperature well mixed and specific

humidity decreasing with height (Fig. 3.21).

The upper-level trough and sea-level frontal system

had passed through the region by 1200 GMT on 6 March

(Fig. 3.19). Sea-level pressure rose to 1022 mb, wind speed

decreased to I ms -' and wind direction shifted to the

southwest as a weak high pressure cell developed. An

unstable air-sea temperature difference of 2-4 0 C lasted

until the end of the period (Fig. 3.20). Mostly low to
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mid-level stratus clouds were present and no precipitation

was recorded. The mixed layer height is 1200 m with

potential temperature and specific humidity well mixed below

the inversion (Fig.3.21).

During these three days the profiles exhibited the

differences between an air mass moving out of the area, a

frontal system in the area and the intensification of the

subtropical high.

On the 3rd, the mixed layer had decreased to below

2000 m, from 2600 m on the 3rd, due to subsidence in the

tracking path part of the transisting high. This increase

of potential temperature at 4000 m from 380-390C between

1500 GMT on the 3rd to 1300 GMT on the 4th is evidence of

the occurrence of subsidence. The mixed layer temperature

had increased from 150-20oC and specific humidity from

3.5-7 gkg - I respectively due to flow being southerly on the

4th versus northwesterly on 3 March. This illustrates the

effect of upwind sea-level temperatures.

On the 5th, the approaching front and convergence

zone caused a decrease in the subsidence and the inversion

increased due to convection and, perhaps, upwind mean

velocity to 2500 m. The mixed layer adjacent to the sea-

level had increased in temperature (from 200-220C) and

specific humidity (from 7-12 gkg -') due to increasing winds

and, hence, advection from warmer water regions. On the

6th, re-establishment of the subtropical high over the
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FASINEX area with light winds caused a well defined

convection mixed layer with slightly lower temperature and

significantly lower specific humidity (from 12-8 gkg-1 ).

The reduction in specific humidity is believed to be

associated with increased entrainment of overlying icy air

during this convectively driven low wind period.

Both the 4 March and 6 March mixed layer features

were expected to have been influenced by sea-level as well

as synoptic-scale forcing.

8. 07 March - 09 March 1986

A weak high pressure cell was being replaced by a

developing sea-level low pressure system at the beginning of

this period. The low pressure system dominated the FASINEX

area synoptic-scale situation for approximately 24 hours

when upper-level flow returned to normal and a high pressure

system intensified behind the front.

On 7 March an upper-level trough and a sea-level

low pressure system developed over the northeastern United

States (Fig. 3.22). This system had little influence in the

FASINEX area other than to shift the wind direction to the

southwest. Sea-level pressure ranged from 1014-1016 mb.

Wind speed ranged from 4-10 ms - . An unstable air-sea

temperature difference of 2-40C dominated the entire period

(Fig. 3.23). Fig. 3.23 is based on OCEANUS data because

data from ENDEAVOR are unavailable after 7 March. The

absence of ENDEAVOR data means most vector wind profiles

64



04

3e

41,

65.



50.0

L 2i 0.0

0.0

.30.0

m 20.0

10.0

0.0

1030.0

i.j 1020.0

w. 1010.0
ix
0-

1000.0

110.0

10.

t: 90.0

S 80.0

S 70.0

W 60.0
Ck: 50.0

40.0

50.0

S20.0
cx
l.

0 0.AI

0 06 12 18 00 06 12 18 00 06 12 18 24

Figure 3.23 Timec Series 07 Mar. -09 Mar. 1986.

66



will not be shown The skies were mostly clear although

rain showers occurred at 1430 GMT. The mixed layer depth is

800 m with potential temperature and specific humidity well

mixed below the inversion (OCEANUS Fig. 3.24).

Synoptic-scale conditions were dominated by high

pressure and the passage of a frontal remnant associated

with the low pressure system of the previous day on 8 March

(Fig. 3.22). A frontal passage occurred at 0800 GMT and

only caused a slight shift in the wind direction from west

to northwest. Sea-level pressure rose steadily from

1014-1022 mb (Fig. 3.23, OCEANUS). Some low-level stratus

clouds were present, but no precipitation was recorded.

Mixed layer height increased from 800-1800 m by 1800 GMT.

Potential temperature and specific humidity were well mixed

below the inversion (Fig. 3.24, OCEANUS).

The upper-level flow returned to a zonal pattern

and the sea-level conditions were dominated by the high

pressure system on 9 March (Fig. 3.22). Sea-level pressure

increased steadily to 1028 mb by 0000 GMT on 10 March. Wind

speed decreased steadily from a high of 10 ms -' to a low

value of 2 ms- 1 throughout the day (Fig. 3.23). Cloud cover

consisted of mid-level altostratus with small amounts of

cirrus. The mixed layer height is 1500 m with potential

temperature and specific humidity well mixed below the

inversion (Fig. 3.24, OCEANUS).
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The weak high pressure cell continued to decrease

the mixed layer depth to 800 m. As a sea-level low pressure

system developed the inversi-n hieight increased to 1000 m

due to mixing. At the end of the period evolution of the

mixed layer depth was again controlled by a high pressure

system which decreased the inversion to 1500 m.

The profiles on these days appear to show the

effects of the synoptic-scale condition as well as the

location of the OCEANUS being well south of the ocean front

on the first two days (7th and 8th) and north of the front

on the last (9th). The difference between the profiles of

mixed layer specific humidity on the 7th and 8th is of

interest because their locations had clear skies with regard

to NMC position of the approaching front. Actually the

front, based on pressure rise and wind shift, passes the R/V

OCEANUS location about 0800 on the 8 March.

The difference due to frontal passage is

illustrated by the specific humidity below 800 m. On

7 March it is above 12 gkg - 1 while on 8 March it is 8 gkg

It is expected that the deep convection with rain showers on

the 7th affected the specific humidity throughout this

layer. This could have been a local condition at the launch

time. The profiles exhibit the convectively driven well-

mixed features.
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The profile evolution from the 8th to the 9th is

due to location changes with respect to the post frontal

high and the sea-level front.

From the 8th to the 9th the well mixed temperature

has decreased from 22-170C and the specific humidity has

decreased from 8-6 gkg-'. The mixed layer depth, decreasing

from 1800 to 1400 m, could be associated with increased

subsidence and decreased convective driven entrainment. It

is noted that the sea-level unstable air-surface temperature

difference measured from 20C on the 8th to 40C on the 9th.

Hence, entrainment with 5-8 ms- 1  winds should have been

greater on the 9th.

This case clearly illustrates the response of mixed

layer stratus to local as well as upwind sea-level

temperature.

B. PROFILE PROPERTIES

Thirteen FASINEX rawinsonde sounding pairs were

examined for the effect of sea surface temperature (SST)

effects on the MABL. A sounding pair consists of one launch

from OCEANUS and one launch from ENDEAVOR. These pairs were

chosen by time of launch (within 60 minutes of each other)

and relative proximity to the oceanic front (warm side/cold

side). For seven pairs, soundings were taken on opposite

sides of the oceanic front. For five pairs both soundings

were taken on the warm side of the front and for one pair
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soundings were taken on the cold side of the front (see

Table III).

The oceanic front was determined by using the 210C

sea-surface temperature as the dividing value since the sea

temperature across the front ranged from 20-220C. All SST

values less than 210C were considered as cold side locations

while all SST values greater than 210C were considered as

warm side locations.

The first two pairs were on 17 and 18 February when

a subtropical high pressure system was in the FASINEX area.

Sea-level pressure was decreasing and wind speed was

6-8 ms - 1 from the southeast. The first pair of soundings,

made on 17 February at 2352 GMT and 18 February at 0049 GMT,

were from opposite sides of the oceanic front, ENDEAVOR on

the cold side and OCEANUS on the warm side. The distance

between the ships was 44 km. Wind direction across the

front is from the warm side to the cold side. The two

profiles (Fig. 3.25) show potential temperature and specific

humidity from each side of the front to be fairly similar.

The mixed layer height on the warm side is approximately

200 m higher and more moist than on the cold side. The warm

side sounding shows a stable condition for the first 300 m

then becoming well mixed. The sounding from the warm side

has layers of higher moisture between 0-300 m, 1000-1300 m,

and 1300-4000 m. The cold side specific humidity is higher

at 300-1000 m and at 1300-1700 m.
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TABLE III

RAWINSONDE PAIRS

SHIP DATE TIME RALATION TO SHIP SEPARATION
FRONT DISTANCE

ENDEAVOR 17 FEB 2352Z COLD SIDE 44 KM
OCEANUS 18 FEB 0049Z WARM SIDE

ENDEAVOR 18 FEB 1459Z COLD SIDE 50 KM
OCEANUS 18 FEB 1525Z WARM SIDE

ENDEAVOR 21 FEB 1952Z WARM SIDE 89 KM
OCEANUS 21 FEB 1915Z COLD SIDE

ENDEAVOR 5 MAR 0616Z COLD SIDE 22 KM
OCEANUS 5 MAR 0542Z WARM SIDE

ENDEAVOR 5 MAR 2054Z WARM SIDE 54 KM
OCEANUS 5 MAR 1952Z COLD SIDE

ENDEAVOR 6 MAR 1226Z COLD SIDE 239 KM
OCEANUS 6 MAR 1151Z WARM SIDE

ENDEAVOR 7 MAR 0014Z COLD SIDE 276 KM
OCEANUS 7 MAR 0011Z WARM SIDE

ENDEAVOR 22 FEB 1919Z WARM SIDE 46 KM
OCEANUS 22 FEB 1825Z WARM SIDE

ENDEAVOR 24 FEB 1413Z WARM SIDE 37 KM
OCEANUS 24 FEB 1358Z WARM SIDE

ENDEAVOR 27 FEB 2357Z WARM SIDE 174 KM
OCEANUS 28 FEB 0016Z WARM SIDE

ENDEAVOR 5 MAR 0014Z WARM SIDE 9 KM
OCEANUS 4 MAR 2348Z WARM SIDE

ENDEAVOR 7 MAR 0606Z WARM SIDE 331 KM
OCEANUS 7 MAR 0551Z WARM SIDE

ENDEAVOR 19 FEB 1200Z COLD SIDE 37 KM
OCEANUS 19 FEB 1215Z COLD SIDE

7
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Figure 3.25 Radiosonde Profile Comparison
ENDEAVOR 17 Feb. 86, 2352 GMT, 28 ISN. 70 2.5\V, cold side (thin).

OCEANUS 18 Feb. 86, )049 GMT , 28 02N, 70 05W. warm side (thick).
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A second set of soundings taken on 18 February at

1459 GMT and 1521 GMT were also from opposite sides of the

oceanic front. ENDEAVOR was on the cold side, OCEANUS was

on the warm and the ship separation distance was 50 km.

Wind direction at sea-level was from the south-southeast and

changed to south-southwest at the top of the mixed layer.

Wind direction across the front was from the warm side to

the cold side. The two profiles are similar to the first

set of soundings in that the warm side mixed layer depth was

higher by 250 m (Fig. 3.26). Both profiles are well mixed

to the inversion and similar in shape. The warm side

specific humidity is more moist, with the exception of a

small layer at 1200-1400 m (just above the inversion). Wind

speed at sea-level was 9 ms - 1 and increased slightly to

10 ms -' at the top of the mixed layer.

The upper-level trough deepened and moved out of

the FASINEX area on 21 February. Sea-level pressure

increased and wind speed was 4 ms -' from the northeast.

Rawinsonde sounding pairs taken at 1915 GMT and 1952 GMT

were from opposite sides of the oceanic front. ENDEAVOR was

on the warm side, OCEANUS on the cold. The ships were 89 km

apart. Wind direction across the front was from the cold

side to the warm side with a low-level jet present from 100-

500 m which reached a wind speed max of 15 ms -'. An

interesting feature noted in these profiles is the cold side

mixed layer height is higher than the warm side by about 400
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Figure 3.26 Radiosonde Profile Comparison

ENDEAVOR 18 Feb. 86, 1459 GMT, 28 2SN, 70 29W. cold side (thin),
OCEANUS 18 Feb. 86. 1525 GMT, 28 04N, 70 15W, warm side (thick).
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m (Fig. 3.27). A secondary inversion on the warm side

profile is higher than the cold side by about 400 m,

otherwise the potential temperature profiles are quite

similar. The specific humidity profiles are very similar

with the warm side being more moist from sea-level to 600 m

(top of mixed layer) and the cold side more moist from

600-4000 m.

A deepening upper-level trough steered a low

pressure system into the FASINEX area bringing in a cold

front on 5 March. Sea-level pressure decreased and wind

speed was 14 ms- 1 from the northwest. Rawinsonde launch

pairs were made at 0542 GMT ond 0616 GMT on opposite sides

of the front. ENDEAVOR was on the cold side, OCEANUS on the

warm. The ships were 22 km apart. Soundings were obtained

at 0542 GMT and 0616 GMT on opposite sides of the front.

The potential temperature profiles are nearly exact, the

difference being the warmer side mixed layer is higher by

700 m, and in a small layer from 1300-1800 m where the cold

side pot'ntial temperature is higher (Fig. 3.28). Although

both specific humidity profiles are equal at sea-level, at

200-1500 m the cold side specific humidity was more moist.

From 1500-1900 m the warm side is more moist. Overall the

two profiles are quite similar. The wind direction was

parallel to the front during these launches.

A second pair of rawinsonde launches on 5 March at

1952 GMT and 2054 GMT were also from opposite sides of the
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Figure 3.27 Radiosonde Profile Comparison
ENDE:\VOR 21 Feb. 86, 1952 GMT, 28 12N, 70 01W. warm side (thni.
OCANUS 21 Feb. 86, 1915 GMT, 28 59N, 69 50W. cold IJc 'thick)
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oceanic front, with ENDEAVOR on the warm side and OCEANUS on

the cold separated by 54 km. Wind direction across the

front was from the warm side to the cold side. The mixed

layer depths here are approximately equal with the warm side

potential temperature .just slightly warmer than the cold

side. Overall, the two profiles are identical being well

mixed below the inversion. The cold side specific humidity

is much more moist at sea-level (11 gkg - 1) than the warm

side (9 gkg-1). This condition extends to 400 m where the

warm side specific humidity becomes more moist to the top of

the mixed layer (Fig. 3.29). From 1500-2300 m the cold side

profile was more moist and from 2300-4000 m the specific

humidity profiles become similar.

On 6 March the upper-level trough and surface

frontal system had passed through the FASINEX area by 1000

GMT. Sea-level pressure began to increase and wind speed

was negligible. The sounding pair taken at 1151 GMT and

1226 GMT are from opposite sides of the front, with ENDEAVOR

on the cold side and OCEANUS on the warm side 239 km apart.

Wind direction across the front is from the cold side to the

warm side. The mixed layer depths are again nearly similar

;Fig. 3.30). The warm side potential temperature is, at all

levels, higher than the cold side. Both profiles are quite

similar and well mixed below the inversion. The warm side

specific humidity profile is more moist from sea-level to

500 m. From 500-1500 m the cold side profile became more

79
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moist. Above 1500 m the specific humidity profiles are very

similar.

An upper-level trough and sea-level low pressure

system developed on 7 March. Sea-level pressure was 1041-

1016 mb and wind speed was 4-10 ms -' from the southwest.

Sounding pairs taken at 0011 GMT and 0014 GMT are from

opposite sides of the front, ENDEAVOR on the cold side and

OCEANUS on the warm side 276 km apart. Wind direction

across the front was from the warm side to the cold side

with a low level jet present from 200-800 m reaching a wind

speed max of 20 ms- 1 . Both potential temperature profiles

are identical from sea-level to 1200 m. The cold side mixed

layer depth is slightly higher than the warm side. Above

the mixed layer the cold side potential temperature is

higher. The cold side specific humidity profile is drier

than the warm side from the sea-level to 800 m (Fig. 3.31).

From 800-1600 m the warm side becomes drier. A large

specific humidity difference is noted 1600-3000 m where the

warm side becomes very moist and the cold side very dry.

Specific humidity profiles are dissimilar above the mixed

layer.

Conditions were dominated by an upper-level ridge and

associated subtropical high on 22 February. Sea-level

pressure was 1013-1016 mb and wind speed was negligible.

Rawinsonde launches occurred at 1825 GMT and 1919 GMT from

the warm side of the front, with the ships 46 km apart.
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Figure 3.31 Radiosonde Profile Comparison
ENDEAVOR 07 Mar. 86, 0014 GNMT. 28 36N, 67 18W. cold side (thin),
OCEANUS 07 Mar. 86, 0011 GMT. 27 OSN, 69 34W, warm side (thick).
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Potential temperature profiles both taken on the warm side

of the front are identical in all respects. Mixed layer

depth is 1200 m and both profiles are well mixed below the

inversion (Fig. 3.32). The specific humidity profiles are

similar except the ENDEAVOR's sounding is more moist from

sea-level to 500 m and OCEANUS's sounding is more moist from

500 m and above.

A cold front had stalled west of the FASINEX area

on 24 February. Sea-level pressure dropped slightly and

wind speed was 5-8 ms -1 from the southwest. The rawinsonde

sounding pair taken at 1358 GMT and 1413 GMT are from the

warm side of the front, with a ship separation distance of

37 km. The potential temperature profiles are identical up

to 1000 m. Mixed layer depth differed by approximately 300

m (Fig. 3.33). Oceanus's potential temperature is slightly

higher from 1000-2000 m. The specific humidity profiles are

also very similar with ENDEAVOR's sounding being more moist

to the top of the mixed layer and OCEANUS's being more moist

above the mixed layer.

On 27 and 28 February a low pressure system was

dominating the synoptic-scale situation. Sea-level pressure

was 1013-1015 mb and wind speed was 8-10 ms- I from the

southwest. The rawinsonde launches at 2357 GMT 27 February

and 0016 GMT 28 February were from the warm side of the

oceanic front. The ships were 174 km apart. Potential

temperature and specific humidity profiles are almost
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Figure 3.32 Radiosonde Profile Comparison
ENDEAVOR 22 Feb. 86, 1919 GMT, 28 1N, 69 20W, warm side (thin).
OCEANUS 22 Feb. 86. 1825 GMT. 28 13N, 69 48W, warm side (thick).
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Figure 3.33 Radiosonde Profile Comparison
E'N DEAVOR 24 Feb. 86, 1413 GMT, 27 56N, 69 49WV, warm side (thin),
OCEANUS 24 Feb, S6, 1358 GNIT. 28 14N, 69 40W, warm side (thick).
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identical with the OCEANUS mixed layer depth slightly higher

and ENDEAVOR's specific humidity profile more moist from

500-1000 m (Fig. 3.34). A second pair of soundings taken at

2348 GMT 4 March and 0014 GMT 5 March from the warm side of

the front closely resemble the previously discussed

soundings and exhibit the same characteristics (Fig. 3.35).

A second sounding pair on 7 March at 0551 GMT and

0606 GMT had both launches from the warm side of the oceanic

front, 331 km apart. OCEANUS's mixed layer depth is lower

by 250 m and warmer than that of ENDEAVOR, otherwise the two

profiles are very similar (Fig. 3.36). OCEANUS's specific

humidity is more moist to the top of the mixed layer and

then ENDEAVOR's becomes more moist up to 1900 m. From 1900-

2800 m OCEANUS's sounding again becomes more moist. Overall

the specific humidity profiles are not very similar.

On 19 February an upper-level trough and sea-level

low pressure system were present in the FASINEX area. Sea-

level pressure was decreasing and wind speed was 4-6 ms -

from the southwest. Rawinsonde sounding pairs taken at

1200 GMT and 1215 GMT were both from the cold side of the

oceanic front, with the ships 37 km apart. The potential

temperature profiles are very similar with ENDEAVOR's mixed

layer depth being approximately 300 m lower than sOCEANUS's

(Fig. 3.37). ENDEAVOR's specific humidity profile is more

moist up to 300 m after which both profiles were similar to

87

I-j%



C R. Mf

SPECIFIC HUMIDITY G/KG
0 2 4 6 a 10 12 14

4000

WI

3000

10 20 30 40 50 60 70 so 0 10

00

POTENTIAL TEMPERATURE °C WIND SPEE3 M/S

Figure 3.34 Radiosonde Profile Comparisonl
ENDEAVOR 27 Feb. 86, 2357 GMT, 27 10'N, 69 4lSW, warm side (thin).
OCEANUS 28 Feb. 86, 0016 GMT, 28 42N, 70 08W, warm side (thick).
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Figure 3.35 Radiosonde Profile Comparison
ENDEAVOR 05 Mar. 86, 0014 GMT, 28 30N, 68 03W, warm side (thin),
OCEANUS 04 Mar. 86, 2348 GMT, 28 33N, 68 08W. warm side (thick).
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Figure 3.36 Radiosondc IProfile Comparison
ENDEAVOR 07 Mar. 86, 0606 GMT, 28 5ON, 67 28W, warm side (thin),
OCEANUS 07 Mar. 86, 0551 GMT. 26 54N, 70 02W , warm side (thick).
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Fic~ure 3.37 Radiosonde Profile Comparison
ENDEAVOR 19 Feb. 86, 1200 GMT, 28 47N, 70 1 1W, cold side (thini,

OCANS19Fb.86 21 MT, 28 49N, 70 34W ,cold side (thick).
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1800 m. Above 1800 m OCEANUS's specific humidity was

noticibly drier.
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IV. SUMMARY AND CONCLUSIONS

FASINEX was planned and designed to gain an

understanding of coupled changes in adjacent atmospheric and

ocean mixed layers in the vicinity of a subtropical sea

surface temperature (SST) front. Differences in boundary

layer height and mixed layer were expected to occur across

the front, however the temporal variation of atmospheric

synoptic scale systems transiting the FASINEX area led to

including near simultaneous rawinsonde launches from

separated ships to characterize both spatial as well as

temporal variation of the MABL. The data did indeed show

that temporal changes over periods of 12 to 18 hours were

dominant in local variations. MABL variations observed in

FASINEX were described in this thesis in terms of temporal

variations relative to the synoptic-scale features and

spatial variations relative to the SST fronts.

Significant changes in the synoptic-scale features and

flow pattern occurred throughout the 14 February to 9 March

FASINEX period. For every three-day period there is a

change in synoptic features affecting the MABL. These

changes were associated with low pressure systems moving

west to east off the eastern U.S. coast between 30ON and

350 N.

The associated trough (front) passages and changes in

low-level and upper-level advection affected the MABL in the

FASINEX area. During these periods MABL features exhibited
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those due to larger scale convergence and the effect of sea-

level conditions were masked.

Between the transiting low pressure systems, occurring

every three days, conditions associated with intensification

of the subtropical anticyclone or passage of the post

frontal anticyclone affected the MABL. Because these

anticyclonic influenced periods lasted two days, at most,

the MABL was always evolving due to changes in the synoptic-

scale forcing even with non-disturbed conditions.

Primary MABL changes that occurred within anticyclone

influences in association with synoptic-scale forcing, were

increases or decreases in mixed layer temperature and

specific humidity. Examination of wind direction relative

to the front and changes in mixed layer potential

temperature and specific humidity on either side of the

front suggests these effects are caused by advection from

upwind cold or warm sea-level temperature areas. This also

suggests that the depth of the mixed layer is not highly

correlated with expected advection or to variations of the

subsidence rates. Height variation of the vector wind were

quite pronounced, suggesting differential advection was

important to changes of both temperature and humidity across

the inversion. 4

MABL variations due to the SST front were examined

within different synoptic-scale conditions. Thirteen pairs

were examined which included rawinsonde comparisons with the
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MABL variations due to the SST front were examined

within different synoptic-scale conditions. Thirteen pairs

were examined which included rawinsonde comparisons with the

ships on opposite sides (7 pairs) of the front as well as on

the same side (6 pairs) of the front. Inspection of the

radiosonde profiles showed differences (mixed layer height,

potential temperature and specific humidity) between paired

soundings were clearly larger when rawinsondes were from

opposite sides of the front. Flow direction across the

front did not appear to be an important factor in the

differences.

The primary differences in rawinsondes from opposite

sides of the front is an increase in the occurrence height

of features in potential temperature on the warm side of the

front of 200-300 meters. These include the height of the

moist (turbulent layer) as well as the height of layers with

maximum or minimum specific humidity.

Even though MABL feat:,res were observed with

simultaneous spatially separated rawinsonde laun,

combination of both shipboard and aircraft dat:,

necessary for physically complete des ript -

front effect. The primary (ont-rbuti, t "

descriptions obtained from the sh it-i'

establishment of the svnopt ,'

indication of SST front .!-
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